More than 80% of kidney cancers arise in the renal parenchyma, primarily renal cell carcinoma (RCC), and the remainder originate from the renal pelvis, called renal transitional cell carcinoma (RTCC) or urothelial carcinoma (UC). 1 An assessment of Surveillance, Epidemiology, and End Results (SEER) program data revealed that incidence rates of RCC and death rates for kidney cancer increased from 1975 to 1995. 2 Recent studies have shown that kidney cancer incidence has continued to increase in the United States for all racial/ethnic groups. 3, 4 Kidney cancer is an important public health issue for American Indians and Alaska Natives (AI/ANs), ranking among the top 5 cancers for both incidence and mortality. 3, 5 AI/AN persons are at greater risk for developing and dying of kidney cancers than other racial/ ethnic groups. 3, 5, 6 Data on AI/AN persons have not been presented in many population-based studies of kidney cancer 2, 7, 8, 9 because sample sizes were too small, even in surveillance systems that collect cancer incidence and mortality for the US population. Available information in the literature that describes demographic and geographic attributes of kidney cancer among AI/AN populations needs to be updated. 5, 10, 11 Accurate cancer incidence and death rates play an important role in identifying areas for etiologic research, prioritizing cancer control resources, and developing cancer control and prevention approaches. Race misclassification of AI/AN cancer cases and deaths, resulting in underestimates of the true cancer burden in this population, is another recognized issue. 12---15 To minimize the misclassification of race, the Indian Health Service (IHS) patient registration database was linked to data from the National Death Index, providing an excellent opportunity to generate more accurate cancer mortality statistics for AI/ANs. A previous linkage between IHS patient files and cancer registry data provided more accurate estimations of AI/AN cancer incidence; we present updated results. 5, 11, 12 The purpose of this article was to describe kidney cancer burden in AI/AN populations and characterize racial disparity by demographic, geographic, and temporal factors using Whites as a reference group.
METHODS
Detailed methods for generating the analytic mortality (AI/AN Mortality Database, 1990---2009) and incidence files are described elsewhere. 16, 17 Data Sources Population estimates. Bridged single-race population estimates developed by the US Census Bureau and the Centers for Disease Control and Prevention's National Center for Health Statistics and adjusted for the population shifts resulting from Hurricanes Katrina and Rita in 2005 were included as denominators in the calculation of death rates. 16, 18 Bridged single-race data allow for a smoothing of population counts between the single AI/AN race category of the 1990 Census and the 2000 Census expansion to multiple race categories.
During preliminary analyses, it was discovered that the updated bridged intercensal population estimates significantly overestimated AI/AN persons of Hispanic origin. 19 Therefore, to avoid underestimating AI/AN deaths because of overinflated denominators, analyses were limited to non-Hispanic AI/AN persons. Fewer than 5% of cancer cases and deaths were identified as Hispanic AI/AN persons and were excluded from the analysis. Non-Hispanic White was chosen as the most homogeneous referent group. Therefore, all analyses are limited to non-Hispanic persons;
Objectives. We describe rates and trends in kidney cancer incidence and mortality and identify disparities between American Indian/Alaska Native (AI/AN) and White populations.
Methods. To improve identification of AI/AN race, incidence and mortality data were linked with Indian Health Service (IHS) patient records. Analysis focused on residents of IHS Contract Health Service Delivery Area counties; Hispanics were excluded. We calculated age-adjusted kidney cancer incidence (2001-2009) and death rates (1990-2009) by sex, age, and IHS region.
Results. AI/AN persons have a 1.6 times higher kidney cancer incidence and a 1.9 times higher kidney cancer death rate than Whites. Despite a significant decline in kidney cancer death rates for Whites (annual percentage change [APC] = -0.3; 95% confidence interval [CI] = -0.5, 0.0), death rates for AI/AN persons remained stable (APC = 0.4; 95% CI = -0.7, 1.5). Kidney cancer incidence rates rose more rapidly for AI/AN persons (APC = 3.5; 95% CI = 1.2, 5.8) than for Whites (APC = 2.1; 95% CI = 1.4, 2.8).
Conclusions henceforth, the term "non-Hispanic" is omitted when discussing both groups.
Death data. Death certificate data are compiled by each state. These data are sent to the National Center for Health Statistics, where they are edited for consistency, stripped of personal identifiers, and made available to the general public as part of the National Vital Statistics System. 19, 20 The National Center for Health Statistics applies a bridging algorithm nearly identical to that used by the Census Bureau to assign a single race to decedents with multiple races reported on the death certificate.
20,21
The IHS patient registration database was linked to the National Death Index, a tool that allows researchers to link their data with the mortality data in the National Vital Statistics System to identify AI/AN deaths that had been misclassified as non-Native AI/AN deaths and to determine vital status and cause of death of decedents who had received health care in IHS or tribal facilities. 16 26 Initially, we identified 2339 AI/AN kidney cancers using primary site code C64.9 for kidney parenchyma and C65.9 for renal pelvis. We further excluded autopsy or death-certificate-only cases (n = 31) and nonmicroscopically confirmed cases (n = 220). Subsequently, we classified RCC (n = 1974) and RTCC/UC (n = 47) on the basis of the following histology codes: 8140---8575 for RCC and 8052---8130 for RTCC/UC. We did, however, not present data for RTCC/UC as a result of a small number of cases.
Geographic Coverage
To receive care from the IHS, an AI/AN individual must be a member of a federally recognized tribe or AN village and must reside on or near a reservation. 15 Contract Health Service Delivery Area (CHSDA) counties are designated by the IHS and consist of 637 counties that, in general, contain or are adjacent to federally recognized tribal lands. 16 Evidence has shown that misclassifications of AI/AN persons occur less often in CHSDA counties than in non-CHSDA counties. 16, 27 Thus, to create most of the tabulations in this article, we restricted the analyses to CHSDA counties, grouped as IHS regions: Northern Plains, Alaska, Southern Plains, Southwest, Pacific Coast, and East. Additional details about CHSDA counties and IHS regions, including population coverage, are provided elsewhere (Table 1) . 16 Although less geographically representative, we present analyses restricted to CHSDA counties in this article for the purpose of offering improved accuracy in interpreting statistics for AI/AN populations.
Statistical Analyses
We calculated kidney cancer death and incidence rates for AI/AN persons by sex, age, and IHS region. To be comparable with previously published results, we categorized age as 20 to 49 years and 50 years and older. 11 We also estimated RCC incidence rates by sex and age. All rates are expressed per 100 000 population and were directly age adjusted to the 2000 US standard population (19 age groups Census P25-1130). 28 Death rates were directly age adjusted to the 2000 US standard population (11 age groups; Census P25-1130).
28
Readers should avoid comparison of these data with published incidence and death rates adjusted using a different standard population. For confidentiality and stability, rates were not reported if the numerator was fewer than 10 cases. We calculated standardized rate ratios (RRs) for the AI/AN population using White rates for comparison. Confidence intervals (CIs) for age-adjusted rates and RRs were calculated on the basis of methods described by Tiwari et al. 29 We assessed temporal changes in annual age-adjusted death rates from 1990 to 2009, including the annual percentage change (APC) for each interval, with Joinpoint regression software, version 3.5.4 (National Cancer Institute, Bethesda, MD). 30 As many as 3 joinpoints
were allowed in the model. Statistical significance was set at a P level of less than .05. As a result of short-term trends of kidney cancer and RCC (2001---2009), we estimated APCs of fixed-interval trend by fitting a straight line to 9 years of data.
which was 6.1. All remaining results about death rates refer to CHSDA counties only. We found that death rates from kidney cancer for AI/AN individuals varied by IHS region: Alaska had the highest death rate (9.8), followed by the Northern Plains (9.3) and Southern Plains (9.2), with the lowest rate in the East (5.1). Compared with Whites, AI/AN individuals had statistically significantly higher kidney cancer death rates for all IHS regions with the exception of the East. AI/AN men had (10.9) almost twice the rate of AI/AN women (5.4). Table 2 shows that AI/AN adults aged 50 years and older had a much higher death rate (26.2) than AI/AN adults aged 20 to 49 years (1.4). Compared with Whites in the same age group, AI/AN persons had significantly higher death rates: 1.89 times that of the 50 years and older age group and 2.19 times that of the 20 to 49 age group. These patterns held true for each IHS region in which RRs could be calculated, except for the Pacific Coast region, which had a ratio of 1.6.
Joinpoint regression analyses revealed that kidney cancer death rates decreased slightly for Whites (APC = -0.3; 95% CI = -0.5, 0.0; P < .05) from 1990 to 2009, whereas the death rates for AI/AN persons remained stable during the same time period (Figure 1 females (APC = -0.4; 95% CI = -2.6, 1.7; data not shown).
From 2001 to 2009, 2088 AI/AN kidney cancer cases were diagnosed in CHSDA counties, with an incidence rate of 20.5 per 100 000 (Table 3 ). All remaining results regarding incidence rates refer to CHSDA counties only. Of these cases, 95% were RCC (1974 cases). AI/AN men had significantly higher incidence rates of kidney cancer (26.3) and RCC (24.8) than AI/AN women (15.7 for kidney cancer and 14.9 for RCC). The Northern Plains had the highest kidney cancer incidence rate (26.8), followed by the Southern Plains (24.4) and Alaska (21.4), with the lowest incidence rate in the East (15.0). Compared with Whites, AI/AN persons had statistically significantly higher kidney cancer incidence rates in all IHS regions except the East. Among AI/AN individuals, incidence rates of kidney cancer and RCC in older adults ( ‡ 50 years) were 7 times the rates in younger adults (20---49 years). Compared with Whites in the same age group, AI/AN adults had significantly higher kidney cancer incidence rates: 1.57 times that for the 50 years and older age group and 1.89 times that for the 20 to 49 age group. These patterns held true for most IHS regions. The fixed-interval trend analysis showed that incidence rates for kidney cancer significantly increased for AI/AN persons (APC = 3.5; 95% CI = 1.2, 5.8) and Whites (APC = 2.1; 95% CI = 1.4, 2.8) from 2001 to 2009 (Figure 1 ). More rapid increases were observed for RCC: 3.8% per year for AI/AN individuals and 2.5% per year for Whites (Table 3) .
DISCUSSION
Analyses of population-based cancer incidence and mortality data revealed that kidney cancer incidence and death rates in AI/AN men and women were higher than those of Whites. From 2001 to 2009, incidence rates of kidney cancer, especially RCC, continued to rise for both AI/AN persons and Whites, but more rapidly for AI/AN individuals. Although a decreasing trend of kidney cancer deaths was observed for Whites, death rates remained unchanged in AI/AN persons from 1990 to 2009, resulting in an increase in disparity. The increasing burden of kidney cancer in AI/AN populations varies by IHS region, with the Northern Plains, Alaska, and Southern Plains having the highest incidence and death rates.
These results are consistent with 2 previous studies. 5 However, a recent meta-analysis suggested that physical inactivity may play an independent role in conferring kidney cancer risk. 43 Researchers have reported that physical activity may independently reduce kidney cancer risk by lowering lipid peroxidation levels. 44 The East, Pacific Coast, and Southwest regions had lower kidney cancer incidence rates than the remaining regions. Regional analyses showed that, among all IHS regions, the East had the lowest prevalence of obesity, the Southwest and Pacific Coast had the lowest smoking prevalence, and the Pacific Coast had the lowest hypertension prevalence, suggesting that regional variations in kidney cancer incidence may be attributable to regional variation in cancer risk factors. 5, 35, 45 However, the high prevalence of smoking and hypertension in the East cannot explain the low incidence rate of kidney cancer. Regional differences in AI/AN population sizes and misclassification, health insurance, and proximity to health care facilities should also be considered in interpreting the geographic variations of cancer burden. Racial disparities in kidney cancer continue to widen because kidney cancer death rates have declined among Whites but remained stable among AI/AN populations for the past 2 decades. Studies have suggested that higher death rates from kidney cancer for AI/AN populations may be associated with lower socioeconomic status, no or less health care ) and estimated using joinpoint regression. APCs for incidence were based on rates that were age-adjusted to the 2000 US standard population (19 age groups, Census P25-1130) and were calculated with SEER*Stat. The following states and years of data were excluded because Hispanic origin was not collected on the death certificate: LA, 1990; NH, 1990 NH, -1992 and OK, 1990-1996 This study provides the most recent kidney cancer incidence and death rates and trends by IHS region in AI/AN populations. Misclassification of AI/AN race was reduced by linking cancer registry and National Death Index databases to the IHS patient registration files and restricting analyses to CHSDA counties. Our study is subject to several limitations: First, although data linkages improved the race classification for AI/AN persons, the problem may still exist and likely varies by IHS region. Also, restricting the majority of analyses to CHSDA counties, in which only 64.2% of AI/AN persons live and which tend to be in Western states and more rural areas, limits the generalizability to all AI/AN populations in the United States. The percentage of AI/AN persons living in the CHSDA counties varies substantially by IHS region, ranging from 100% in Alaska and about 18.2% in the East. Additionally, the proportion of Native ancestry required for tribal membership and therefore eligibility for IHS services varies substantially between federally recognized tribes. Whether and how this discrepancy in tribal membership requirements may influence some of our findings is unclear, although our findings are consistent with prior reports. Although the exclusion of Hispanic AI/AN persons from the analyses reduces the overall AI/AN deaths by less than 5%, it may disproportionately affect some states. We excluded mortality data from several states and years because Hispanic origin was not collected on the death certificate. Finally, the 2 major types of kidney cancer, RCC and RTCC/UC, have distinct etiology, risk factors, rates, and trends. We could not separate RCC and RTCC/UC deaths because this information was not available in the mortality file.
AI/AN persons are at greater risk of developing and dying of kidney cancers than Whites. Only a few modifiable risk factors for kidney cancer are known, and these factors cannot fully explain the geographic patterns in kidney cancer incidence and mortality in AI/AN individuals. Because of the more rapid increase of kidney cancer incidence in AI/AN persons and the less favorable mortality trend compared with Whites, additional studies are needed to explain the differences in incidence and mortality that would reduce and eliminate racial disparities for this disease. Continued monitoring of kidney cancer patterns through surveillance is warranted to track progress in eliminating racial disparity in kidney cancer. Given the high prevalence of obesity, smoking, and hypertension, more public health interventions are needed such as healthy diet and physical activity promotion, tobacco cessation, and early detection and control of hypertension. j Data are from population-based cancer registries that participate in the NPCR, the SEER, or both and meet criteria for high data quality. a Identifies states with ‡ 1 county designated as CHSDA. Percentage regional coverage of AI/AN persons in CHSDA counties to AI/AN persons in all counties: Northern Plains = 64.8%; Alaska = 100%; Southern Plains = 76.3%; Southwest = 91.3%; Pacific Coast = 71.3%; East = 18.2%; and total US = 64.2%. *P < .05.
